Background Avahan, the India AIDS Initiative, is a large-scale targeted intervention. Data on condom use prior to Avahan are unavailable. The authors used a novel method of analysing cross-sectional survey data to 'reconstruct' condom use rates in presurvey years, and to assess the relationship between Avahan and time trends in condom use among female sex workers (FSWs). Methods Among FSWs reporting consistent condom use (CCU) with clients in surveys from 21 districts in southern India (n¼7358), data on length of time using condoms, and length of time selling sex, were converted into number of FSWs using condoms (numerator) and selling sex ( 
INTRODUCTION
Avahan, the India AIDS Initiative of the Bill & Melinda Gates Foundation, is a large HIV prevention programme targeting female sex workers, their clients, men who have sex with men and injectiondrug users in the six Indian states most affected by HIV. 1 The evaluation framework for the programme includes extensive biological and behavioural data collection among targeted groups and the general population, in combination with transmission dynamics modelling to estimate intervention impact (infections averted) and cost-effectiveness. 2 3 One of the main outcome indicators of the Avahan programme is trends in condom use by female sex workers (FSWs) with their clients prior to and following implementation of the Avahan intervention. The main method for assessing trends in condom use over time in the project is using data from face-to-face interviews with FSWs carried out as part of serial cross-sectional surveys termed integrated biological and behavioural assessments (IBBA). 4 Accurate data on pre-and baseline condom use rates are also essential for the mathematical modelling component of the evaluation. 3 5 6 However, due to the timing of the cross-sectional IBBA surveys in relation to intervention start times, with the surveys generally being carried out 1e2 years after intervention start, there is a lack of baseline data on condom use rates among the target populations. There is also a lack of comparable data on condom use rates prior to the intervention: even in states/districts where data from pre-Avahan surveys among sex workers are available, in general, the unit of analysis/possible breakdown (district/state) and/or sampling strategy and frame are not comparable with those used within Avahan, or there is insufficient information available to assess whether or not the samples are comparable. 4 This lack of preintervention/baseline data is a problem in many contexts, since it is difficult to undertake surveys which collect sensitive behavioural and biological information from stigmatised populations until programmes which benefit these populations are established, which takes time. 4 7 Monitoring data from the Avahan programme indicate that it took 5 years to achieve a high and frequent coverage rate of the target population of FSW, with approximately 10% of the estimated target population contacted monthly by a peer educator after 1 year, 50% after 3 years and 75% after 5 years. 8 Similarly, another targeted intervention programme initiated in Gujarat in 1997 had reached approximately 400 FSW within the first year and, after a further 5 years, was in contact with over 3000 FSW. 9 Such data indicate that collection of comparable preintervention/baseline data, and indeed even definition of programme start point, are challenging in the context of time trend evaluations of intervention impact among mobile, stigmatised populations.
Since the first round of IBBA was carried out in most districts w1e2 years after the start of the intervention, condom use rates measured in the IBBA may well have increased since the start of the programme, and thus would be higher than at baseline. In order to enable assessment of the relationship between programme implementation and behavioural change, and for accurate impact assessment through mathematical modelling, it is necessary to obtain baseline condom use rates. Here, we present a novel method for estimation of such rates. In the absence of survey data, one possible method for assessing preand post-Avahan condom use rates and trends among samples of FSWs comparable with those recruited into the IBBA surveys is to 'reconstruct' presurvey condom use trends using the survey data itself.
We present a retrospective analysis of condom use time trends among FSWs with occasional and regular clients, in the districts where cross-sectional surveys have been carried out, and where the data necessary for this analysis were collected. We then present time-trend analyses and compare trends in condom use prior to and following the start of Avahan.
METHODS IBBA
Appropriate data from the IBBA cross-sectional surveys were available from 21 out of 25 districts where the surveys were carried out among FSWs in the four southern Indian states of Andhra Pradesh, Karnataka, Maharashtra and Tamil Nadu. 10 Round 1 (2006) survey data were used for this analysis, except for districts in Karnataka, where round 2 data (2007/8) were used, since the relevant questions were not included in the round 1 questionnaire for these districts. Target sample size was 400 per group; actual sample size varied from 153 to 422 per district 4 ; and the total sample size for this study was 7358.
Reconstruction of retrospective condom use rates
FSWs reporting consistent condom use (CCU) with occasional or regular clients were asked for how long they had used condoms consistently. Data on length of time consistently using condoms, and length of time selling sex, were converted into number of FSWs consistently using condoms (numerator) and selling sex (denominator) by year, to give yearly rates of CCU from 2001 to the year of the survey (2006 for most districts,  2007 for Mysore and 2008 for other Karnataka districts) .
We use data from the Chennai IBBA (2006) as an example. Of a total of 348 FSWs who responded to the question: 'How often do you use condoms with your occasional clients?' 91% (317) responded 'always.' The length of time these 317 sex workers had been using condoms consistently with clients was converted into years. Of the 317 FSWs using condoms consistently at the time of the survey (2006), 41 reported that they had been using condoms consistently for less than 1 year; thus, ((317e41)¼276) had been using them for at least 1 year, that is, in 2005. This calculation was repeated to give numbers using condoms consistently back to 2001 (table 1).
The same process was carried out to calculate the number of sex workers practising sex work by year. For example, of the sex workers interviewed, 13 reported that they had been selling sex for less than 1 year, and 39 for between 1 and 2 years: thus, 52 for less than 2 years. Therefore, ((348e13)¼334) and ((348e52)¼ 296) sex workers were practising sex work in 2005 and 2004, respectively (table 1) .
Then, to obtain the proportion of women consistently using condoms by year, the number consistently using condoms was divided by the number practising sex work in that year (table 1) . For example, in Chennai in 2005, ((276/335)¼82.4%) of sex workers selling sex in that year were using condoms consistently. These proportions were plotted on graphs with 95% CIs (figure 1).
Time-trend analysis
Using these data, a generalised estimating equation (GEE) linear regression time-trend analysis, 11 taking into account the sample weights, the cluster effect and the dependency of the measures over time, was used to determine, for each district and for the whole sample: a. the slopes of CCU increase, that is, the average yearly rate of increase in CCU from 2001 to year of survey; b. the slopes of the pre-and post-Avahan CCU increases, that is the average yearly rate of increase in CCU prior to, and following, initiation of the Avahan intervention in 2003; c. the difference between the pre-and postintervention slopes (ie, the difference in the average yearly rates of increase in CCU rates prior to, and following, implementation of the Avahan intervention).
The following hypotheses were then tested using c 2 tests: a. that the overall slope was significantly different from zero (ie, that the overall upward trend in CCU was significant); b. that the pre-Avahan intervention slope was significantly different from zero (ie, that the preintervention upward trend in CCU was significant); c. that the post-Avahan intervention slope was significantly different from zero (ie, that the postintervention upward trend in CCU was significant); d. that the pre-and postintervention slopes were significantly different (ie, that there was a difference in pre-and postAvahan intervention CCU trends). For these analyses, the 'inflection point' was taken as 2003: that is, 2003 was considered as the last data point prior to the initiation of the Avahan programme; and 2004 was considered as the first data point after the initiation of the Avahan programme. The same year of initiation of the Avahan programme was used for all districts to keep the analysis simple and uniform, and to avoid bias in assigning the inflection point visually. The year 2001 was used as the start year for the analysis in order to provide a sufficient number of preintervention years (three) for the timetrend analysis, while maintaining a sufficient sample size for the denominator of women practising sex work (table 1) .
Validation
For districts in Karnataka (Belgaum, Bellary, Mysore, Shimoga), two rounds of IBBA survey data are available (University of Manitoba and Karnataka Health Promotion Trust. IBBA among FSWs in selected districts, Karnataka India: A Report, January 2008, KHPT, Bangalore (unpublished report)) and the retrospective analysis was carried out using the second-round data. For these districts, therefore, we were able to compare actual survey data on consistent condom use rates by FSW from survey round 1 with the results of the retrospective analysis for the same year the round 1 surveys were carried out. Figure 1 shows graphs of reconstructed time trends in consistent condom use among sex workers with their occasional and regular clients, from 2001 (reconstructed data) to the year of the IBBA survey (survey data), for a selection of districts representing the main trend patterns identified, and for all districts combined (see Web Appendix for graphs of all 21 districts). In cases where 2001 rates are low, steep increases in condom use rates over time are seendfor example, in Bellary, Dharmapuri, East Godavari, Guntur, Mysore and Visakhapatnam (figure 1). 'Inflection points'dpoints (years) at which the slope of the curve changes quite sharplydcan clearly be seen in figure 1 figure 1d2001 rates were already relatively high, and relatively small increases over time are seen, with quite a flat curve. IBBA rates of condom use with occasional and regular clients tend to be similar, and reconstructed rates to follow similar patterns, with somewhat lower rates for regular clients ( figure 1, table 2 , left-hand portion). Combining data for all districts together, overall consistent condom use increased from 27% (22%) with occasional (regular) clients in 2001, to 76% (68%) in 2006 (p<0.0001, c 2 test). As discussed above, while in some cases the graphs in figure 1 and Web Appendix figure 1 show clear 'inflection points,' in other cases, this is not clear. In order to provide an objective measure of the rate of increase in consistent condom use rates pre-and postAvahan implementation, we used GEE linear regression to determine the slope of condom use increase overall and pre-and post-Avahan, and to assess if there was a significant difference in rates of increase before and after the implementation of Avahan.
RESULTS

East Godavari
For these analyses, we defined 2003 as the last data point prior to Avahan, and 2004 as the first data point after Avahan initiation, in all districts, regardless of whether or in which year there was a clear visual inflection point on the graph. Table 2 (right-hand portion) shows the results of the timetrend analysisdaverage percentage increase per year in consistent condom use rates overall, and pre-and postintervention, with results of significance testing for the overall upward trend, and the pre-and postintervention upward trends.
In all 21 districts, there was a highly significant (p<0.001) overall upward trend (increase) in consistent condom use rates with occasional and regular clients from 2001 onwards (table 2, right-hand portion, column 'overall'). Yearly rates of increase range from 2.5% with regular clients in Prakasam (Andhra Pradesh) to 17.5% with occasional clients in Chennai (Tamil Nadu).
The pre-Avahan (2001e2003) upward trend in condom use rates with occasional and regular clients was significant in 19/21 and 16/21 districts respectively, while the post-Avahan (2003e2006) upward trend was significant in all 21 districts, for both occasional and regular clients. Preintervention average yearly rates of increase were lowest among FSWs with regular clients in Prakasam (Andhra Pradesh) at À0.2%; and highest among brothel-based sex workers with regular clients in Pune (Maharashtra), at 13.8% per year. Postintervention average yearly rates of increase varied from 2.6% among non-brothel based sex workers with regular clients in Thane (Maharashtra), to 26% among FSWs with occasional clients in Guntur (Andhra Pradesh).
In order to provide a summary measure to compare increases in consistent condom use rates before and after the initiation of the Avahan programme, the difference between the preintervention and postintervention average yearly rates of increase was calculated for each district, and the statistical significance of the difference between the rates assessed (table 3) .
Differences in yearly rates of pre-and postintervention increase varied from À9.2% to +21.7%. This means, for example, that in the case of condom use by brothel-based sex workers with regular clients in Pune (Maharashtra), the average yearly increase in rates was about 9% greater before the start of Avahan than after it (negative inflection point). Conversely, in the case of condom use by sex workers with occasional clients in Guntur (Andhra Pradesh), the average yearly increase in rates was about 22% greater after the start of Avahan than before it (positive inflection point). In a number of districts, the preepost difference in rates was not significant, indicating that the yearly rate of increase in condom use was not different after than before initiation of Avahan (no inflection point).
To summarise these results: in the case of both regular and occasional clients, 10/21 districts had a positive inflection point, 9/21 had no inflection point, and 2/21 had a negative inflection point. In districts with significantly different post-and preintervention slopes (n¼12), the number of districts with a positive inflection point (n¼10) was significantly greater than the number with a negative inflection point (n¼2) Combining all districts, consistent condom use rates with occasional clients increased from 27% in 2001, to 76% in 2006; and with regular clients, from 22% to 68%. The yearly rate of increase in consistent condom use for all districts combined was significantly greater following than prior to Avahan initiation.
These findings indicate a positive relationship between the time of implementation of the Avahan programme and rates of increase in consistent condom use among FSWs. Taken together, the data indicate that (a) condom use rates were already on the increase (to varying extents and from different 'baseline' (2001) rates, according to district) before the implementation of Avahan; and (b) the yearly rate of increase in consistent condom use accelerated further at a time coincident with the implementation of the Avahan intervention.
As presented above (figure 1), striking differences among districts were seen in condom use rates reported in the IBBA surveys, in reconstructed 2001 rates and in patterns of increase over time. These differences are likely related at least in part to the timing of introduction and coverage of pre-Avahan interventions. In Maharashtra state, for example (Mumbai, Pune and Thane districts), where in general interventions with FSWs commenced relatively early on, these data suggest that consistent condom use rates were already high in 2001dranging from 50 to 80%; subsequent increases were small, and post-Avahan yearly rates of increase were equal to, or lower than, pre-Avahan rates of increase. In contrast, in districts where pre-Avahan FSW interventions had not been implemented, started later or had lower coverage (districts in Karnataka; some districts in Andhra Pradesh and Tamil Nadu), 2001 rates were lower, and post-Avahan yearly rates of increase were greater than preAvahan rates.
The retrospective analysis technique depends on the accuracy of the survey data used as a starting-point. In a situation such as this, where intensive targeted interventions are under way, covering significant proportions of the FSW population, social desirability bias 12 is likely to be high, and self-reported condom use rates inflated.
13e15 Social desirability bias could also be at play when FSW recount the length of time they have been using condoms, for example influencing their responses in terms of the reported length of time using condoms consistently. However, the quite striking variation in 2001 rates and in patterns of increase over time (eg, that reconstructed rates of consistent condom use in Chitoor were 0% in 2001, compared with 81% in Thane) gives some confidence that at least FSW are reporting consistent condom use for significantly varying periods of time.
There are some additional limitations to this analysis. An additional potential source of bias is recall biasdboth of the length of time using condoms and of practising sex work. It is worth noting that we repeated the time-trend analyses presented here controlling for duration of sex work, and this did not affect the results (data not shown), suggesting that the tendency towards a longer average duration of sex work in the retrospective sample does not result in a systematic bias.
While in most Avahan IBBA districts, only one round of IBBA has so far been carried out (2006) , in the districts in Karnataka state, two rounds of IBBA have been conducted, 7 and the second-round IBBA surveys (2007/8) were used for the retrospective analysis. We were thus able to compare consistent condom use rates estimated retrospectively with rates actually reported in surveys for the same year; we found in six out of seven comparisons that there was no significant difference between the actual and the reconstructed estimates, as indicated by the overlap between the 95% CIs in each case (table 4). As data from further survey rounds become available, it will be possible to carry out more extensive comparisons and validations; there may also be survey datasets available from other projects, with the appropriate questions, that could be used to examine the validity of the method.
The results of our analysis are also supported by those of Bradley et al, 16 who used data on condom availability in five districts in Karnataka (four of which were the same as the IBBA survey districts presented here) from governmental and nongovernmental sources, surveys and HIV-prevention programmes, to estimate the number of available condoms by year from 2004 to 2008, and to estimate possible condom use rates among FSW under a number of different scenarios. This analysis suggests that condom availability was relatively low in Karnataka in 2004 but rose substantially over the following 4 years, as did estimated condom use rates by FSW, from 3e36% in 2004 to 56e96% in 2008. 16 This is in agreement with the results of the analysis presented here, which also demonstrate very substantial increases in condom availability and use during this period.
In conclusion, the findings presented here indicate a positive relationship between the time of implementation of the Avahan
Key messages
< We present a novel method for estimation of historical condom use rates among female sex workers in India, using crosssectional survey data on duration of condom use and duration of sex work. < Comparison of reconstructed condom use rates with actual data collected in the same year suggests that the method is valid. < The method could be applied in other contexts to estimate preintervention condom use rates for programme evaluation in the absence of baseline data. We recommend the inclusion of questions on duration of behaviours in programme evaluation surveys. < The findings of the analysis indicate a positive relationship between implementation of the Avahan programme and rates of increase in consistent condom use among female sex workers.
programme and rates of increase in consistent condom use among FSWs. This is in agreement with data indicating that the Avahan intervention has achieved a high coverage of sex worker populations in southern India, and a number of lines of evidence indicating that the programme is having a positive impact on increasing condom use rates, and decreasing STI rates and numbers of new HIV infections among the target population. 7 8 17e18 Further validation of the methodology and the findings of this analysis will be carried out as more data become available. We recommend that future surveys carried out in the context of programme evaluations could include the specific questions necessary to carry out retrospective analysis, namely duration of condom use and duration of sex work. This analytical method may thus be of utility in other contexts where comparable baseline/preintervention data are lacking for assessment of changes over time in behaviour and the outcome of interventions.
